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constraints to second order in the string slope parameter y also including the Yang-Mills fields. In the
torsion, curvature and H sectors we find that a consistent solution is readily obtained with a Yang-
Mills modified supercurrent Agp.. We find a solution in the F sector following our previously developed
method.
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1. Introduction

String corrections to quantum field theories are believed to contribute Gauss-Bonnet terms to the action. This invariant has been
studied in many different scenarios, for example Gauss-Bonnet modified cosmology [1]. These terms are introduced by hand into the
quantum gravity models. However it is also known that Gauss-Bonnet terms occur naturally in the context of string corrected gravity [2].
The leading order corrections in terms of the string tension parameter, y contain these invariants. Hence we are motivated by this and by
other reasons to study string deformed supergravity, with D =10, N =1 as the low energy limit of string theory. Here we wish to include
Yang-Mills fields in the non-minimal theory. As several of the terms are extremely lengthy we avoid writing them explicitly. In a future
work we will explore the simplified bosonic case.

Some years ago a scenario was developed to construct a manifestly supersymmetric theory of string corrected supergravity [2-6].
This involved incorporating the Lorentz Chern-Simons superform, X! into the geometry of D =10, N = 1 supergravity. It was initially
successful at first order in y [2]. It ran into difficulties and controversy at second order [7]. It was suggested that at second order the
torsion Tyg# should be modified to include the so-called X tensor [3]. A search for the X tensor ensued and a candidate was proposed in
[8] which was shown to allow for the solution of the Bianchi identities in the H sector and also the torsion and curvature sectors.

In this Letter we show that a simple modification of the X tensor Ansatz allows also for the inclusion of matter fields in the H torsion
and curvature sectors. We show that the assumption F (Z)Q,g =0 does not allow for a solution. We propose a candidate that does allow for
a solution. Prior to finding the X tensor also by way of an Ansatz, in [8], the search for a second order solution consisted of systematically
studying the table of irreducible representations [9]. However the task proved formidable because of the number of unknown quantities.
It was eventually shown that the form given in Eq. (33) of the first reference of [8] for T(z)aﬁg, satisfying the torsion identity at dimension
one half, thereafter allowed ultimately for a consistent solution in the torsion and curvature sectors.

In Ref. [8], we found a solution to D =10, N =1 supergravity to second order in the string slope parameter with the modified tensor

Gapc =Hapc + ¥ Qapc- (1)
Here we extend this as follows:
Gapc =Hapc + ¥ Qapc + BYapc. (2)

Here B is the Yang-Mills coupling constant. Matter fields will not have consequences for the appearance of the Gauss-Bonnet term
however, but we wish to construct a complete model.
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2. The solution

The Bianchi identities in superspace are as follows:
[[Via. VB}. Vo } =0. (3)
Here we have extended the commutator in [8] to include the Yang-Mills field strengths FAB
[Va, V) =Tap Ve + %RAB“MM +iFpptr. 4)

The t; are the generators of the Yang-Mills gauge group. For notation convenience we drop the group index I. For notational brevity we
also write

Ragde = R agde + R apde + R apge + -+ (5)
and
Tap® =T ap® + T ap® +T@ 4%+ (6)
Where the numerical superscript refers to the order of the quantity. A quantity which re-occurs is the following
1
20 gep = LWger — 740 gy 7)
and its spinor derivative which we denote simply as
1
20y ger =V [ngef - ZA(l)gEf]- (8)
We evaluate this in Appendix A. Ref. [2] began with the conventional constraints as follows:
i0p*PTop® =168%,  Oupede™Tap® =0,  0,*PTep" =0,
1 1
Tape) =0, Tape = = Tiapey Taotﬁ = _O'aoz)\o'pqu/qpqr- (9)
6 48
Using these constraints then led to the first order solution. That is GV gpc, T 45, and R 4p4e were found, along with additional

modified constraints. In [8] we found that no modification to the condition Hyg, =0 was necessary. We continue with this assumption.
We have the H sector Bianchi identities with Yang-Mills fields as follows [2]:

1 Iy Y B Ig 1
g Vel Higys) = 7 Tap” Hupys) =—ZR<aﬂ\efR\y6)ef — g Fep Fiys (10)
1v H — V4H —1T My lr My =—yR Riva® — BF s ' Fla' 11
5 Ve Higyya = VaHapy = STwp” Hupyya + 5 Tae)™ Hmipy) = =V Rapies Riyra™ — BFap) Fiyya'- (11)
ViaiHpycd + Vi Hidiap — Tap™ Huea — Tea" Huap — Teelic™ Hmianp)

= —¥[2Raper Rea®” + Realictef Riaip)’ ] — B[2Fap' Fed' + Fianic) Fiarp)']- (12)

We must also solve the torsions and curvatures

A d d d
T@p“ Ty = T@piTiyre” — Vi Tpy)* =0, (13)
1
A ) I ) 2 d )
T@p“ Ty’ = T@pi®Tiyrg” — Ve Tipy)” — ZR( ) @plaed )’ =0, (14)
Tiap)" Riy)ade — Tiapt* Riyrade — Vial R gy)de = 0. (15)

To this list we now add the equations arising form the F sector
ViaFiso) — TV (ag Fuic) = 0. (16)
In our previous work the supercurrent AV g.r was given by
AW gor = +iyOgefer T™ Tynn - (17)
To begin with we modify AV g, to include matter fields as in [2].
AW gor —> +iogeer [V T™ Trnn® + BAAT] = AV gor + AP g (18)

Here we use the notation where the superscript y or g is self evident. This has the effect of splitting the Bianchi identities however
we still have to be careful of cross terms. In order to be cautious we will examine all contributions in the H sector, in particular that
for H@ 444, for thoroughness (see Appendix A). In all of the Bianchi identities we encounter the spinor derivative Vo4 ADgpc. We now
show that a key equation which led to the previous second order modified beta function favored (SFF) solution is still valid but with the
modified AV .. The spinor derivative of AM 4, will now contain the contributions due to the spinor derivative of A7 at zeroth order.
We have the following modifications from [2]:
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1
VyT O = =20 R g + T O T3, (19)

1
Vy)»(o)a =—ZO'mny8an +)\AT(O))/A8- (20)

The fundamental equation which enable a solution to be found with higher order SFF constraints, now with the modified supercurrent,
AM . is still given by
par

T P 15 AV pgr H O ger — 0P (051 H O e V1)) AV pgr = —240°8 (a5 HO aT [2D ) ger . (21)
In the H sector we will have the following quantities
Hage = HYY) gpc + HPP ypc + HPY) ypc. (22)

We will also adopt the modified torsion

i
T@ 48 = _%qurefaﬂmomef,qa)pqp (23)
We then find no change in the form of the H sector results.
_ , iy
A 50 = HYP g g = 0¥ [—iy HO ger AP 4 ] — P90 [EH(O)defA(ﬂ)pqr}- (24)

Eq. (21) contains the second order contribution of the spinor derivative V), Hygg. Term by term we notice no order B2 contributions
occur. We also seek terms of the form O(y8) and note that none appear other than those resulting from the modification to Ag.. We
also find H@g,,q as in [8], but we write it in a different way

i Y .
+50p*H P giyra = =170 @™ g 1y AV par Tar +i0f {4V[V|y>H(°)def]L“)gef +4y HOGT V) LD ger
v Y
= SV HOGT AV go — S H OV AV gor =27 HO g RV 07 — 2LV g RO 0
v Order(1)
+ ZA(UgefR(O)W)def + ZVVIw[H(O)defH(O)gEf] - } (29)

The symmetrized result can be extracted as in [2]. We list it in Appendix A. We also believe that it can be simplified further. We also
have, along with (33) of the first reference of [8],

108 ap TP e’ = +2iy 08 @p TOL 2D oer, (26)
) . Y
+i0E g Ty )50 = +4iy 0% @p HO 4T [2V 1 rger ]+ £ 0F @p 0P 5110 AV par T ”, (27)
iy
Rupde = _ﬁqurefaﬁA(l)PqTRefde- (28)

3. F sector Bianchi identities

We have seen that in the H and torsion sectors the required minimal Bianchi identities have been fully satisfied by simply modifying
the supercurrent as in Eq. (28). The fundamental identity (21) is then used to solve in each case. This is the identity that enables such
solutions to be obtained in the modified g8 function favored set of constraints. Here we show that it can also be used to solve in the F
sector coupled with an Ansatz. To begin with we consider the following Bianchi identities:

T(apt” Fiyyr — T@pi® Fiyrg — Vi Fipy) =0, (29)
Vo Fab = Via Fap) = Tata™ Fmip) — Tab™ Fve =0. (30)

We have from [2] to first order,

F(O)aﬁ = F(”aﬁ = F(”ad =0, (31)
FOu4 = —iogapr?, (32)
Vo FQor = i0(ejap Vi 1A? — 21080 HO gef. (33)

Eq. (29) is not satisfied by F(z)aﬁ = 0. We propose the following candidate and show that it works.
@ 1Y _paref a0
FPap==150"""ap A" parFer- (34)
At second order equation (29) becomes

0 ApQ 2 : 0 Y 1 0 .
TO g F? 1y — Via F? 1) — 08 @p F Oy g +'g°’pqref<aﬁv“(  parH P8 op [—i0g)y)92?] =0 (35)

or, more clearly
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o af_1¥ 1 iy 1 iy 1
T g [—Efquref\y)AFefA( )pqr] + E‘quref(aﬁ\FerIV)A( ) par — Eapqref(aﬂlf‘(  parViy) Fes

. 0 .Y 1 0 .
- 'Ug(otﬁlF( )Iy)g +1§0pqref(otﬂlA( )pqu( >g8f[_"’g|y)¢)‘¢] =0.

Using (21) generates two solvable terms and we also set up a cancellation. We also must use

o haref _gPharef

@p|Oely)p = $(@|0elpy)-
Hence, we obtain
. 2 . 1 0 Y 1 iy 1 . 0
—i08 @ F? g + 21y 08 0 2D gef FO — E“gwm‘f”qrgf\yw\( "parVri? + E"pqref(aﬂlf‘(  par[—2i0% 1) s H O gef ]

Y 1 0 :
—ig 0P @y AV por HO% of [ —icrg 93] = 0.
The last two terms conveniently cancel. We find

. 2 P - 1 0 Y 1
108 ap) F P y)g = +2iy 005 2V ) ger FO — gag(aﬂwa”qrgfwwf‘( par VA

or
F@ =2y 20 g0 FO +,~%(,pqrgfy¢Aa>pqrva¢.
Finally for completeness, we consider the derivatives, Vo F®,c and V(o F? ). We have
Vi Figya = Tap® Fea — Tap” Faa + Tawia® Faip) + Tela” Faip) =0
and

Ve Foe = Vip Faic) + Tarp® Feicl + Taib Faic) = Toe® Fga + Toe* Faa:-
Substitution of (31), (32), (33), (34) and (40), as well as other results quoted in [2] and

iy
T® 4 = —Eapq”fa,gA(”pq,T(Wef

give, respectively, for (41) and (42),

—i03(w1p Vip AP 1P + 27 Vi1 2V p1aes F + 4y 21 10 0e1)s V2P — 4y 2O w1 091806 H O

iy iy . 4
+ 50" i @o (Vi AV par) [V120 ]+ S0P a @ip AV par[ Vi) V120 — i08ap F P ga + 5 0P 0p0s g AV por Tes "2

_ ZVT(O)Q;SAQ(])AdefF(O)ef _ lgT(O)aﬁ)»o-PqufAfA(l)pqrvf)ﬁ _ lUg(a\¢)h¢T(2)\ﬂ)dg =0,

y y
VaFoe =2y Vi1 2V aicres F = 160" ag AV par Vi Via? — 10 oy ag [Vieg AV pgr ] V22

+ T(z)a[blgp(o)glc] _ lT(z)a[bl}Lalb]k¢)\¢ + 2VT(O)gbc~QagefFef + lgGpqrgquBA(])pqu(z)bchf)Lf _ l)/ga¢)»¢T(2)bcg

_ i.:/_zapqrefkaA(1)pqu(0)efT(O)bc)\-

4. Modified commutator

Finally, we note how the commutator (4) is modified. We have

i 1 .
[Ve, Vg) = _%aﬂquaﬁA(qur[Teﬂvy +2HO 8V, 4 §R<°>efm"1v1mn + zF(%f’t,].

But
2H(0)efg — _T(O)efg’
and

1
R(O)efmann — *gR(O)ef)\BUmnak

so we get the modified geometry proportional to o> as follows:

i 1 .
[Va, V‘g}|(2) — —%qurefaﬁA(])pqr[T(o)efyVy _ T(O)efgvg _ ER(())efASO'mnS)Lan _ ”:(O)efltl]~

(38)

(41)

(42)

(43)

(44)

(47)

(48)

(49)

A point conceptually important can be stressed here by observing that the latter expression agrees in its structure with the conjecture

in Ref. [5] for supersymmetric Yang-Mills couplings.
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5. Conclusion

The geometrical methods currently known as deformations [3] and the constraints often referred to as beta function favored con-
straints [10-12] allowed for the determination of the most general higher derivative Yang-Mills action to the third order, which is globally
supersymmetric and Lorentz covariant in D = 10 spacetime (see e.g. [13]), a result which is important for topologically nontrivial gauge
configurations of the vector field, such as, for instance, in the case of compactified string theories on manifolds with topologically nontriv-
ial properties. Building upon our previous works on the subject, we have been able here to provide a consistent inclusion of Yang-Mills
matter fields into string corrected (deformed) D = 10, N = 1 supergravity. Our solution to the Bianchi identities, obtained within the
framework of the modified beta function favored constraints, holds to the second order in the string slope parameter y and includes
also the Yang-Mills fields. We obtained as well a consistent solution in the torsion, curvature and H sectors with a Yang-Mills modified
supercurrent Agpc. Following a technique we developed in earlier papers, we also found a solution in the F sector and gave an explicit
formula for the modification induced in the commutator expression.
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Appendix A

For the sake of extra caution as the Bianchi identity for example for Hypq is long, we can write out the full version as follows:

1 BB Order(2 1 0 A 1 0 A 1 0 A
Ev(alHlﬁy)d(wﬂﬂ,yﬂ)_VdHaﬂy r””—f“wm H(yy)kly)d_iT()(otﬂl H(yﬂ)kly)d_ET()(aﬂ\ HOO, g

1 T Y A B 1 T 14 A 14 1 T B r 1 T A Y 1 T 14 A 0
1 yB A 0 1 BB A 0 1 0 Yy 1 0 YB 1 0 BB

_lT(V) sH® d_lT(/S) EHW) TV, 8HO TWH &H©O) T®A 8HO
2 2

1 1 1
(@Bl gly) (@p| glyyd + 5 de| gly) T 5 d(al glBy) T 5 d(al glBY)

1 1 1 1 1
+ 5T a1 gipy) + 5TV a@*H P gipy) + 5TV a@* H gy + 5 TP * H P gipy) + 5T a@* B gipy)

1 0 1 0
+ 5T *H P gpy) + ST H P gipy)

0 0 0 0
+V[RY @pies RO 110 + RP apier R 1) + R tapier R 110 + RO aprer R a ]
+B[FT wp F P yra + FP apF Oy + FOap FPypa + FO @p FYpyya] = 0. (A1)

Applying the first order constraints and allowing Hapc terms to drop out leaves the Hapc contributions.
%V(aley)d(ﬁﬁ;yﬂ) _ %T(O)mm*H"’ﬂ)uwa _ %Tw)(amxH(ﬁﬂ)W)d _ %Twm(amxmmw)d _ %ﬂyﬂ)(aﬂlm(mwm
_ %T(O)(aﬂlgH(yﬁ)gW)d _ %T(O)(amgl_{(ﬁﬁ)gmd + %T(Vﬁ)d(a\gH(o)g“‘}y) n %T(ﬁﬁ)d(a\gH(o)gw;/)
+ %T(W)dwng(o)gww +V[RP @pier RO 1a + RO @pier R0 ] = 0. (A2)

We therefore find as before that no order 82 terms exist. Also there is no need to make modifications other than the adjustment of
Agpc in the H sector.
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